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ESTIMATING BASE SALES VOLUME USING A LOW-PASS 
FILTER APPROACH 

TECHNICAL FIELD OF THE INVENTION 

This invention relates generally to business analysis and more particularly to 
estimating base sales volume using a low-pass filter approach. 
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BACKGROUND OF THE INVENTION 

Business analyses concerning products or other items are fundamental tasks 
for many manufacturers, suppliers, retailers, and other enterprises. Many business 
analyses are based on base sales volume. For example, demand forecasting, price- 
5 demand-behavior analysis, and promotional effectiveness analysis all rely on sound 
base sales volume measiu-ement. Base sales volume (sometimes referred to as base 
volume in the remainder of this application) for consumer packed goods (CPG) is 
typically defined as the portion of the sales volume that would be expected without 
advertising or other promotional support. In many business analyses, base volume 

10 may be used as a de-causalized factor, such that a small difference in base volume 
may cause large deviations in the consequent analysis. Many business analyses are 
finstrated by such propagation of errors in base volume estimation. 

In general, base volume is an unobserved component of actual sales volume 
(often referred to as actual volume in the remainder of this application), which is the 

15 observed or recorded sales volume. Ideally, one could determine true base volume 
through observation, the accuracy being Hmited only by the observational error. In 
practice, however, one can only observe the actual volume - the true base volume 
cannot be directly observed. It is not difficult to show that any estimate of the true 
base volume based on the observed actual volume and a Lyapunov error function 

20 (estimation criteria) will be biased. For example, the most common approach for 
determining promotional hfts based on estimated base volume generates incorrectly 
negatively signed lifts as much as thirty-five percent of the time; that is, determines a 
negative lift (decreased sales) when the lift should actually be positive (increased 
sales). In addition, conventional moving average approaches for estimating base 

25 volume depend on both the number of leads and/or lags involved and weights 
associated with the leads and/or lags. The complexity of the resulting space 
significantly impedes the ability to search for globally optimal solutions, making such 
approaches inferior. 

Many businesses lack suitable approaches for measuring base sales volume, 

30 for example, for CPG in the presence of one or more promotional activities. These 
businesses are therefore unable to fully imderstand the various demand components 
for their products, which detracts from their abiHty to effectively plan and manage 
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important business activities. Furthermore, establishing effective approaches to the 
complex problem of estimating base volume has become an increasingly important 
pursuit, from a theoretical perspective, in the academic community. As a result of any 
of the above or other factors, prior techniques for estimating base volume have been 
inadequate to meet the needs of many business and other users. 
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SUMMARY OF THE INVENTION 

According to the present invention, disadvantages and problems associated 
with prior techniques for estimating base sales volume are substantially reduced or 
eliminated. 

5 In one embodiment of the present invention, a method for estimating base 

sales volume includes accessing an input data series for a series of time periods, the 
input data for each time period comprising at least an actual sales volimie for the time 
period, the actual sales volumes for the series of time periods collectively comprising 
an actual sales volume series. Within each iteration of an iterative process: (1) a 

10 low-pass fiher is applied to the actual sales volumes series in order to extract low 
jfrequency components representing a base sales volume series for the iteration; and 
(2) a locally optimal base sales volume series is then determined for the iteration 
according to the input data series. A globally optimal base sales volume series is 
selected from among the locally optimal base sales volume series determined using 

15 the iterative process, the globally optimal base sales volume series comprising an 
estimated base sales volume for each time period. One or more of the estimated base 
sales volumes is made available for use in connection with at least one business 
analysis. 

The present invention provides a number of important technical advantages 
20 over prior techniques. The present invention provides a technique for extraction of 
unobservable base volume from the actual volume through an iterative process that 
searches for globally optimal solutions using a low-pass filter approach. Unlike 
previous techniques that depend on a large number of parameters and make global 
searching essentially infeasible, the process of the present invention requires only a 
25 single smoothing parameter. The present invention also provides improved criteria 
for selecting an optimal solution, which improves the accuracy of the base volume 
estimation, particularly in the presence of moderate to high noise. Moreover, lift 
estimations according to the present invention are much less likely to be incorrectly 
signed than with previous techniques, for example, approximately ninety-five percent 
30 correctly positively signed compared to at most sixty-five percent correctly positively 
signed using previous techniques. Other important technical advantages are readily 
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BRIEF DESCRIPTION OF THE DRAWINGS 

To provide a more complete understanding of the present invention and the 
features and advantages thereof, reference is made to the following description taken 
in conjunction with the accompanying drawings, in which: 
5 FIGURE 1 illustrates an exemplary system for estimatmg base sales volume 

using a low-pass filter approach; 

FIGURE 2 illustrates an exemplary product dimension within a multi- 
dimensional database; 

FIGURE 3 illustrates an exemplary geography dimension within a multi- 
10 dimensional database; 

FIGURE 4 illustrates an exemplary method for estimating base sales volume; 

and 

FIGURE 5 illustrates an exemplary process for estimating base sales volume 
using a low-pass filter approach. 



15 
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DETAILED DESCRIPTION OF THE INVENTION 

FIGURE 1 illustrates an exemplary system 10 for estimating the base sales 
volume using a low-pass filter approach. Although CPG or other suitable products 
are primarily referred to within this document, the present invention contemplates 
5 system 10 estimating base volume for suitable tangible or non-tangible items other 
than products, including but not limited to services or other benefits. A particular 
application of the present invention is promotional planning, which may involve at 
least in part the calculation of promotional "hfts" (increased sales volume resulting 
from a promotional tactic), in view of any price change, for each promotional tactic 

10 being evaluated. However, the present invention may be similarly applied to any 
other business analysis that depends on the estimated base volume as input. Such 
analyses may include, for example only and without limitation, demand forecasting, 
optimal mark down scheduHng, complement analysis, and camiibahzation analysis. 

System 10 includes cUent 12, server 14, and a database 16. Client 12 may 

15 include one or more processes to provide appropriate administration, analysis, and 
plaiming input. Although these processes are preferably separate processes running 
on a dedicated client processor, the present invention contemplates these processes 
being integrated, in whole or in part, and running on one or more processors within 
the same or different computers. Similarly, the server 14 may include one or more 

20 processes to receive administration, analysis, and planning input from client 12 and 
interact with database 16 to provide corresponding output to chent 12. Although the 
processes are preferably separate processes running on a dedicated server processor, 
the present invention contemplates these processes being integrated, in whole or in 
part, and running on one or more processors within the same or different computers. 

25 Client 12 and server 14 may be fully autonomous or may operate at least in part 
subject to input from users of system 10. 

Database 16 provides persistent data storage for system 10. While the term 
"database" is primarily used, a memory or other suitable data storage arrangement 
may provide the functionality of database 16 without departing from the intended 

30 scope of the present invention, hi one embodiment, database 16 is hierarchical and 
multi-dimensional in nature. In a particular embodiment, the database 16 is three- 
dimensional and associates with each storage location 18 a particular member of a 
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product dimension, a particular member of a geography dimension, and a particular 
member of a time dimension. Within database 16, each combination of members of 
these dimensions is associated with a corresponding storage location 18, similar to 
each combination of coordinates from the x-, y-, and z-axes being associated with a 
5 point in three-dimensional Euclidean space. Furthermore, position in a particular 
dimension may be changed independent of members of other dimensions, like the 
position of a coordinate along the x-axis may be changed independent of the positions 
of other coordinates along the y- and z-axes in three-dimensional Euclidean space. 
The values of one or more data measures for a particular combination of members 

10 from the various dimensions of the database 16 are stored in the particular storage 
location 18 for that combination of members. 

The data measures associated with database 16 may include estimated base 
volume and data measures from which the base volume is derived according to the 
present invention. In one embodiment, the other data measures may include actual 

15 volume, incremental price reduction, one or more promotion variables, or any other 
appropriate data measures. Actual volume may be defined as the total volume sold 
over a specified time period, expressed in suitable units (e.g., units, cases, pounds, 
etc.). Incremental price reduction may be defined as incremental price reduction, 
expressed as a percentage of a base price or otherwise, as a result of one or more 

20 promotional tactics during a specified time period. Promotion variables may reflect 
promotional tactics that occur during a specified time period (usually expressed in a 
binary format) or the relative weights to be accorded those tactics. For example, 
promotion variables may reflect a temporary price reduction, insert, display, or any 
other suitable promotional tactic. If the tactic occurred during the time period in 

25 question, the value of the variable might equal one, otherwise the value might equal 
zero. The value of a promotion variable might instead be a weight, for example, to 
reflect a percentage of all commodity volume (%ACV), where ACV quantifies the 
size of a store, chain, market, region, counti-y, or the hke in terms of the total sales. 
As a particular example, temporary price reduction %ACV might be a promotion 

30 variable reflecting the percentage of the total sales for all stores that occur at stores 
which participated in some temporary price reduction promotional tactic during the 
specified time period. 
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The present invention contemplates database 16 having as few or as many 
dimensions as are appropriate in a particular case. For example, and not by way of 
Hmitation, an enterprise associated with system 10 may not consider geography in 
connection with its base volume estimation needs. This might be the case where 
5 products are ordered using the Internet or the telephone and then distributed from a 
single distribution point. In this example, the database 16 may be two-dimensional 
rather than three-dimensional and may not reflect positions or members within the 
geography dimension. In another case, the values for base volume may inherently 
reflect a time interval, in which case the database 16 may be two-dimensional and 

10 may not reflect positions or members within the time dimension. Other scenarios 
involving more or fewer than three dimensions will be readily apparent to those of 
skill in the art. The present invention contemplates database 16 having any suitable 
dimensions, according to the needs of the enterprise associated with system 10 and 
constraints associated with the particular scenario. 

15 In the three-dimensional embodiment of the present invention, the values of 

the data measures within the set for a particular storage location 18 depend on the 
combined positions of members within product, geography, and time dimensions for 
that storage location 18. As a result, the values of the data measures typically vary 
with these combined positions as appropriate to accurately reflect the actual volume, 

20 incremental price reduction, promotion variables, or other data associated with the 
combination of members. As described below, when a combination of members is 
specified in the product, geography, and time dimensions according to operation of 
system 10, the database 16 accesses the values of the data measures for the storage 
location 18 associated with that combination of members for use in estimating base 

25 volume for that combination of members. 

In one embodiment, the database 16 supports on-line analytical processing 
(CLAP) capability and is populated with data measures received from one or more 
transactional data sources that are internal, external, or both internal and external to 
the enterprise or facihty associated with the system 10. For example and without 

30 hmitation, data received from such sources may include, as described above, actual 
volume, incremental price reduction, promotion variables, or any other appropriate 
information that is appHcable to estimation of base volume. The present invention 
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contemplates data being stored in the database 16 by server 14 based on input from 
client 12 or in any other suitable manner. 

Server 14 is coupled to database 16 using link 20, which may include any 
wireline, wireless, or other links suitable to support communications between server 
5 14 and database 16 during operation of system 10. Database 16 may be integral to or 
separate from server 12, may operate on one or more computers, and may store any 
information suitable to support the operation of system 10 in estimating base volume 
according to the present invention. Client 12 is coupled to server 14 using link 22, 
which may include any wirehne, wireless, or other links supporting communications 

10 between client 12, server 14, and the processes of client 12 and server 14 during 
operation of system 10. Although link 22 is shown generally couphng client 12 to 
server 14, the processes of server 12 may communicate directly with corresponding 
processes of client 14 according to particular needs. 

In one embodiment, an adminisfrator process of server 14 may communicate 

15 with an administrator process of the client 12 to interact with an associated user in 
managing database 16 and at least some activities associated with the database 16. 
The administrator server process may accept user or other suitable input to define 
relationships, such as parent-child relationships, between the members of a single 
dimension and between storage locations 18 that are each associated with multiple 

20 dimensions within database 16. The administrator server process may also accept 
user or other input to define the variation in time of the values of the data measures 
associated with a particular member. The administrator server process may store 
member relationships and variabihty data within database 16 in any suitable format 
for use in estimating base volume according to the present invention. 

25 An analyzer process of server 14 may communicate with an analyzer process 

of client 12 to access some or all of the contents of database 16 for analysis and 
reporting purposes. For example, the analyzer server process may provide analyzer 
client process read only access to database 16, such that analyzer client process may 
not modify the contents of database 16. 

30 A planner process of server 14 may communicate with a planner process of 

chent 12 to allow client 12 or one or more associated users to store information in 
database 16 and modify the contents of database 16 for purposes of estimating base 
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volume. For example, the plamier server process may participate in the storage and 
manipulation of data expressions and relationships that are used in estimating base 
volume according to the present invention. The planner server process may also 
participate in modifying appropriate contents of database 16. 
5 As described briefly above, client 12, server 14, and database 16 may each 

operate on one or more computers. Each computer may include one or more input 
devices, such as a keypad, mouse, touch screen, microphone, or other device that 
receives information. Each computer may include an output device that conveys 
information associated with the operation of system 10, including digital or analog 

10 data, visual information, or audio information. Each computer may include fixed or 
removable storage media, such as a magnetic hard disk, CD-ROM, or other suitable 
storage media. Each computer may include one or more processors and associated 
memory to execute instructions and manipulate information during the operation of 
system 10. Where multiple computers support cUent 12, server 14, and database 16, 

15 these computers may share one or more resources as appropriate. Each of these one 
or more computers 34 may be a work station, personal computer, network computer, 
personal digital assistant, wireless telephone, or any other suitable computing device 
according to particular needs. 

FIGURE 2 illustrates an exemplary product dimension 50 within database 16 

20 that includes a hierarchy of product levels 52 each having one or more members 54. 
The value of each data measure associated with a member 54 is an aggregation of the 
values of corresponding data measures associated with hierarchically related members 
54 in lower levels 52 of product dimension 50. In an exemplary embodiment in 
which system 10 provides estimated base volume, the base volume associated with a 

25 member 54 is the aggregate estimated base volvmie for these hierarchically related 
members 54 in the lower levels 52 of the product dimension 50. In the illustrated 
embodiment, the product levels 52 for product dimension 50 include an all products 
level 58, a product type level 60, a product category level 62, and a product family 
level 64. Selected exemplary hierarchical relationships between members 54 are 

30 shown using links 56, as described below. Links 56 between hierarchically related 
members 54 in adjacent levels 52 of the product dimension 50 reflect parent-child 
relationships between members 54. Although FIGURE 2 is described primarily in 
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connection with estimated base volume relationships, the following description is 
similarly applicable to other relationships for other data measures, such as actual 
volume, incremental price reduction, promotion variables, or any other appropriate 
data measures. 

5 In the particular example shown in FIGURE 2, all products level 58 contains 

"All" member 54 representing the aggregate demand for all members 54 in lower 
levels 60, 62, and 64 of product dimension 50. Product type level 60 contains 
"Components," "Base Units," and "Options" members 54. "Components" member 54 
represents the aggregate base volume for hierarchically related members 54 below 

10 "Components" member 54 in levels 62 and 64 of product dimension 50. Similarly, 
"Base Units" member 54 represents the aggregate base volume for hierarchically 
related members 54 below "Base Units" member 54 and the "Options" member 54 
represents the aggregate base volume for hierarchically related members 54 below 
"Options" member 54. Links 56 between "All" member 54 and "Components," "Base 

15 Units," and "Options" members 54 indicate the hierarchical relationships between 
these members 54. 

Product category level 62 contains, under "Components" member 54, "Hard 
Drives," "Memory Boards," and "CPUs" members 54. "Hard Drives" member 54 
represents the aggregate base volume for hierarchically related members 54 below 

20 "Hard Drives" member 54 in level 64 of product dimension 50. Similarly, "Memory 
Boards" member 54 represents the aggregate base volume for hierarchically related 
members 54 below "Memory Boards" member 54 and "CPUs" member 54 represents 
the aggregate base volume for hierarchically related members 54 below the "CPUs" 
member 54. The links 56 between "Components" member 54 and "Hard Drives," 

25 "Memory Boards," and "CPUs" members 54 indicate the hierarchical relationships 
between these members 54. Analogous links 56 reflect hierarchical relationships 
between "Base Units" and "Options" members 54 of the product type level 60 and 
corresponding members 54 in lower levels 62 and 64 of product dimension 50. 

Product family level 64 contains, under "Hard Drives" member 54, "4GB" and 

30 "6GB" members 54. Links 56 between "Hard Drives" member 54 and "4GB" and 
"6GB" members 54 indicate hierarchical relationships between these members 54. 
Analogous links 56 reflect hierarchical relationships between "Memory Boards," 
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"CPUs," "Servers," "Desktops," "Laptops," "Monitors," "Keyboards," and "Printers" 
members 54 of product category level 62 and corresponding members 54 in lower 
level 64 within product dimension 50. Although no links 56 are shown between 
members 54 in product family level 64 and possible lower levels 52, the present 
5 invention contemplates further levels 52 existing within product dimension 50 and 
analogous links 56 to reflect corresponding hierarchical relationships. Furthermore, 
members 54 shown in FIGURE 2 are exemplary only and are not intended to be an 
exhaustive set of all the possible members 54. Those skilled in the art will readily 
appreciate that other suitable members 54 and associated links 56 may exist without 

1 0 departing from the intended scope of the present invention. 

FIGURE 3 illustrates an exemplary geography dimension 70 within database 
16 that includes a hierarchy of geography levels 72 each with one or more members 
74. The value of each data measure associated with a member 74 is an aggregation of 
the values of corresponding data measures associated with the hierarchically related 

15 members 74 in lower levels 72 of the geography dimension 70. In the exemplary 
embodiment in which system 10 provides estimated base volume, the base volume 
associated with a member 74 is the aggregate base volume for these hierarchically 
related members 74. In this embodiment, geography levels 72 for the geography 
dimension 70 include a world level 78, a country level 80, a region level 82, and a 

20 district level 84. Selected and merely exemplary hierarchical relationships between 
members 74 are shown using hnks 76, which are analogous to hnks 56 described 
above with reference to FIGURE 2. Although FIGURE 3 is described primarily in 
connection with estimated base volume relationships, the following description is 
similarly applicable to other relationships for other data measures, such as actual 

25 volume, percentage price reduction, promotional variables, or any other appropriate 
data measures. 

In the particular example illustrated in FIGURE 3, world level 78 contains 
"World" member 74 representing aggregate worldwide base volume. Country level 
80 contains "U.S." and "Canada" members 74, which represent the aggregate base 
30 volume for the United States and Canada, respectively. Link 76 between "U.S." 
members 74 in the country level 80 and "World" members 74 in the world level 78 
indicates a hierarchical relationship between these members 74. Similarly, link 76 
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between "Canada" member 74 and "World" member 74 indicates the hierarchical 
relationship between these members 74. hi this example, worldwide base volume is 
an aggregation of aggregate base volume in the United States as well as aggregate 
base volume in Canada. Although other links 76 are not described in detail, those 
5 skilled in the art will appreciate that links 76 are analogous to links 56 described 
above with reference to FIGURE 2 in that each link 56 represents a corresponding 
hierarchical relationship between members 74 in various levels 72 of geography 
dimension 70. As described above, the present invention contemplates eliminating or 
otherwise not considering geography dimension 70 in estimating base volume, for 

10 example, if geography dimension 70 is not relevant to particular needs. Database 16 
might in this situation be two-dimensional. 

Values for actual volume, incremental price reduction, promotion variables, 
and any other data measures may be derived using traditional techniques. Deriving 
values for a particular member 54, 74 may depend on the hierarchical relationships 

15 between the particular member 54, 74 and other members 54, 74. As is described 
above, the values associated with each member 54, 74 are aggregations of values 
associated with members 54, 74 in lower levels 52, 72 within the same hierarchy of 
parent-child links 56, 76. Therefore, given a value for a member 54, 74 (a parent) at 
one level 52, 72, the values for each of the related members 54 in the next lowest 

20 level 52, 72 (children of the parent) may be determined by disaggregating the value 
for the parent between its children, hi one embodiment, while the terms "parent" and 
"children" are used above to identify a relationship between members 54, 74 of a 
single dimension 50, 70, these terms may also be used to refer to the relationships 
between values associated with storage locations 18 that are each associated with 

25 members from multiple dimensions. For example, a first storage location 18 storing 
actual volume for a particular product in a particular region may be hierarchically 
related to a second storage location 1 8 storing actual volume for the product in one 
city of that region (the value for the first storage location 18 being a parent of the 
value for the second storage location 18). 

30 FIGURE 4 illustrates an exemplary method for estimating base sales volume. 

The method begins at step 100, where server 14 receives actual volume and any other 
suitable input data. For example, in addition to actual volume data, input data may 



ATTORNEY'S DOCKET 
020431.0827 



15 



PATENT APPLICATION 



include data for incremental price reduction, promotion variables, or other suitable 
data useful in estimating base volume according to the present invention. In one 
embodiment, input data may be received as an input data series, with input data for 
each of a succession of time periods, which might be days, weeks, months, or any 
5 other appropriate time periods. For example, input data series may include actual 
volume series, incremental price reduction series, promotion variable series, or any 
other suitable input data series. Server 14 may receive the input data from chent 12 
after one or more users or other sources supply the input data to chent 12. Server 14 
stores the input data in database 16 at step 102. 

10 At step 104, the server 14 may vaUdate the input data for some or all storage 

locations 18. In one embodiment, this involves validating the input data for each 
intersection of members in the product and geography dimensions over the series in 
the time dimension. In a particular embodiment, validation involves determining a 
number of data points n within the input data series and determining the number of 

15 valid independent variables k, such as actual volume, incremental price reduction, and 
promotion variables. For example, an independent variable may be considered valid 
if the number of non-zero values in the time series for the independent variable is 
greater than one. Server 14 may keep all input data series in their entirety for the 
intersections at issue, for example, where « > ^ + 5 . Otherwise, portions of one or 

20 more such series may be discarded or otherwise ignored for purposes of estimating 
base volume. Although a particular vahdation technique is described, any suitable 
validation technique or no validation technique may be used according to particular 
needs. 

In general, the present invention applies a low -pass filter to the actual volume 
25 series for a particular intersection to extract the lower frequency components which 
represent a base volume series. The low-pass fiher may be obtained as the solution to 
the following minimization problem: 

Minll^\iyt -s,f+^[{s,^, -s,)-{s, -s,_j\'} (i) 

30 
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where is an observed time series (usually non-stationary), is a lower frequency 
component, and 1 is a smoothing parameter with range [0, + oo) . 

The closed form solution of problem (1) can be expressed as: 

LF = (X-P + U)-' (2) 

where U is an identity matrix of dimension n (the number of observed data points in 
the time series) and P is a Toeplitz matrix. To more fully understand the use of low- 
pass filtering in this context, consider the limiting version of the first order closed 
form solution to problem (1): 

LF = [\ + X{\-B)\\-B-'YY' (3) 

where B is backward operator. 

The Fourier transform of this filter has a particularly simple form: 

LF{w)^ ^ ^. (4) 

^ ^ H-4A[l-cos(0)]' 

Thus, the filter assigns a weight of approximately one at frequencies close to zero 
(since cos(0)=l) and assigns a weight of approximately zero at higher frequencies 
(since cos(7i)=-l imphes that XF(7t)=1/(1+16A), which is approximately zero for a 
large value of X). 

The bandwidth of this filter, and therefore its ability to filter out the higher 
frequency components, depends only on the value of the smoothing parameter, 2. 
Larger values of 1 penalize changes in the low-pass component and result in a 
smoother low-pass component. The rehance on a single parameter, X, as opposed to a 
very large number of time and/or weight parameters as in previous techniques, 
significantly reduces the complexity of the problem space. This makes searches for 
globally optimal solutions feasible and provides an important technical advantage 
over such previous techniques. 
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At step 106, based on input from client 12 or otherwise, server 14 sets the 
number / of values of the smoothing parameter 1 that are to be iterated over when 
searching for global optima, and sets the number J of iterations that are to occur for 
each A in searching for local optima. / and / are referred to for purposes of this 
document as iteration parameters. In general, / and / may be any suitable integers. 
However, to achieve a suitable balance of accuracy and computational speed, in a 
preferred embodiment server 14 sets 1=5 and J=3. Letting = 10'~\ equation (2) 
can be rewritten as: 

LF ^ (10'-' -p + uy'. (5) 

In a case in which 1=5, A(i) = 10'"' = 10,000, such that 10,000 values of X must be 
iterated over. 

Server 14 accesses input data series stored within the database 16 at step 108 
and, at step 110, executes a process for estimating base volume that implements the 
low-pass filter approach described above. This process is described in further detail 
below with reference to FIGURE 5. After server 14 has selected an estimated base 
volume series according to this process, server 14 stores the estimated base volume 
values at the appropriate storage locations 18 within the database 16 at step 112. At 
step 114, the estimated base volume values may be made available to the server 14, 
client 12, an associated user, or another suitable entity for use in connection with one 
or more business analyses, and the method ends. 

FIGURE 5 illustrates an exemplary process for estimating base sales volume 
using a low-pass filter approach, executed at step 1 10 of FIGURE 4 as is described 
above. Although a particular embodiment of the process will be described, one or 
more appropriate additions, deletions, or modifications may be made to the process 
without departing from the intended scope of the present invention. 

The method begins at step 200, where server 14 initializes / specifying the 
values of the smoothing parameter A to be iterated over: 



i = \. 
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In general, as described briefly above, the process iterates over i in searching for a 
globally optimal base volume series. At step 202, the server 14 creates a buffer to 
contain the temporary base volume series {TV) that is generated as a result of the 
5 calculations made during the iterative process: 

TV=AV 

where ^Fis the actual volume series. At step 204, server 14 initializes J specifying 
1 0 number of iterations for each A: 

7=1- 

In general, as briefly noted above, the process iterates over j in searching for locally 
1 5 optimal base volume series. 

At step 206, server 14 apphes an appropriate low-pass filter to extract lower 
frequency components, as described above: 

BV{i,j) = LF(i)*TV z=l,2,....,/ 

20 

where BV '\s the base volume series for this iteration. At step 208, server 14 deletes 
or otherwise ignores non-promotion periods (keeping only the data for time periods, 
referred to herein as promotion periods, during which at least one promotional tactic 
is used). At step 210, server 14 performs bias reduction for the remaining group of 
25 promotion periods: 

BViiJ) = AV if BV{i,j) > AV ox BV{i,j) < 0 . 

This or other bias reduction may be desirable to minimize leakage from the higher 
30 frequency components into the lower frequency components. 
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At step 212, server 14 calculates the value of a dependent variable 

AV 

y(ij) = ln(-^ ). 

5 This serves as the left-hand side of the regression equation: 

y(i, j) = a + P^PR + jB.Prom, +■■■ + j3,^Promj^ 

where PR is the incremental price reduction series (independent variable) and each 
10 Prom is a corresponding promotion variable series (independent variable). At step 
214, server 14 solves the regression equation for the particular values of i,j for the 
iteration. A solution of the regression equation is a set of estimated coefficients for 
the independent variables. At step 216, the server 14 computes an error component 
associated with use of these estimated coefficients: 

15 

e(i, j) = y(i, J) - Ki, J) = y(h i) - « - Apr - kProm, hProm, . 

In one embodiment, at least approximately sixty-five percent (and preferably 
approximately ninety-five percent) of the estimated coefficients generated according 
20 to the present invention are correctly positively signed (indicating a sales increase 
when an increase should in fact occur). 

At step 218, server 14 computes a new base volume series for the iteration: 



nn Y — . 

exp(e(z,7)) 

25 



where nB Vis the new base volume series recovered. For each of the data points / in 
this series: 
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If nBV >BVi(i,j) , then nBV ^BVi(i,j) (for additional bias reduction), else 
leave nBV sis is (no bias reduction needed); 
TV = nBV ; 

If at step 220 j <J setj=j+ I, go to step 206, else go to step 222; 
5 If at step 222 j^J and i <I set i = i + l, go to step 204, else go to step 224. 

At step 224, server 14 selects the globally optimal base volume series, BV\ 
from among the locally optimal base volume series (determined by iterating through 
all ij) according to the following selection criteria: 

10 

If not all p^(i,j)<Q then BV* ^BV(l,m) such that 

R'(l,m) = max{i?^(f, j) | > 0} ; 

If all p^{iJ)<Q then BV* = BV(l,m) such that 

^,(l,m) = max{A0-,7) I Vi?^(/,7) >r} . 

15 

where reflects, statistically, the "closeness" of the fit between the series of actual 
values y (i, j) and estimated values y (i. j), and r is a variable whose value is selected 
as an acceptable minimum value of according to particular business needs. In a 
particular embodiment, r is equal to 0.2. hi essence, the first criterion eliminates base 

20 volume series with negative values for the estimated coefficient for the incremental 
price reduction series, fig . Then, for the remaining base volume series (all having 
positive values of ), the first criterion selects the base volume series with the value 
of ^0 for which R^ is maximum. In contrast, the second criterion in essence 
eliminates all base volume series for which R^ > 0.2. Then, from among the 

25 remaining base volume series, it selects the base volume series with the value of 

that is least negative (closest to zero). These hybrid selection criteria, which rely on a 
combination of sign-check rules and R^ statistical rules, provide an important 
technical advantage over model selection criteria that rely entirely on R^ statistical 
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rules and are thus more likely to provide incorrect results in the presence of moderate 
to high noise. 

The globally optimal base volume series, BV*, is the estimated base volume 
series that may be used in comiection with one or more business analyses. Once the 
5 values for estimated base volume have been determined, this process ends and the 
method of FIGURE 4 continues. 

Although the present invention has been described with several embodiments, 
a pluraUty of changes, substitutions, variations, alterations, and modifications may be 
suggested to one skilled in the art, and it is intended that the invention encompass all 
10 such changes, substitutions, variations, alterations, and modifications as fall within the 
spirit and scope of the appended claims. 



